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TELEPHONES AND 
GRAMOPHONES 


CHAPTER 1 

. r\y-\4 

About Sound 

You know that both the telephone and the gramo- 
phone have to do with sound. The phom forming 
the end of each word is from the Greek phom, which 
means sound. Several words in common use com- 
mence with tele. There are lelephone, telegraph, 
telescope, and others. Tele is from the Greek tefe, 
meaning ssfc a distance. A telephone means sound at 
a distance, a telegraph means writing at a distance, 
and a telescope refers to seeing at a distance. 

If we knew nothing whatever about sound, it 
would not be difficult to discover wbat produces it. 

Let us take a gong out into the open wherefwe (ian 
make plenty of noise. We }»eat it with a gong-stick, 
and it produces plenty of sound. How does it make 
this sound? /■ 

If you touch the gong, you feel it is vibrating. The 
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particles of wliicli it is made are moving rapidly to 
and fro When we wish a drum to produce sound 
we strike it with a drum-stick, and the stretched 
membrane of the drum vibrates. In a bell the metal 
tongue strikes the gong of the bell, and the bell- 
Vibrates. 

When we play a piano, we depress the keys which 
move some levers and cause little hammers to strike 
the stretched wires, and they vibrate. 

You can feel that the different things are vibrating 
by touching them lightly. If you press your fingers 
• firmly against them, you damp out the sound and 
the vibrations cease j there is silence again . 

We do not strike a violin to cause it to produce 
sound, but we make its strings vibrate by drawing a 
bow across them. In the banjo we pluck the strings 
to make them vibrate, and in a wind instrument we 
cause a column of air to vibrate. You have no 
difficulty in realizing that sound is produced by 
vibrations. 

It is not difficult to picture these vibraiKig bodies 
producing waves in the surrounding ocean of air. 

A favourite picture with the present* writer is that 
of a boy making waves in a pond of water. We 
picture the boy having in his hands a pole to the end 
of whidi there is fastened a round float. When the 
boy moves this up and down on the surface of the 
water, he produces waves which travel across the 
"'Surface to the edge of the pond. 

The boy is causing the float to vibrate at a much . 





;r 

slower rate tlian the particles of the gong vibrated, 
but you can picture the gong producing waves in the 
surrounding ocean of air. 

You know tlifit we move about in this !iir ocean, 
and that we cannot live out of it. The air forms a 
great blanket or envelope around the earth, and 
l)eyond a certain distance from the eartli there is no 
air. 

When we climb a high mountain, we are getting out 
of the thickest part of the blanket; the air is thinner 
on the top of the mountain and we feel cold. 

The men of the Mount Everest Expedition found it, 
difficult to breathe \^en they got near the summit of 
the mountain. 

We can swim about, in this air ocean, in balloons, 
airships, and aeroplanes; but we must be careful not 
to go too high or "we meet with difficulties. Conscious- 
ness and life seem to become impossible in the 
thinner air. * 

Let us have another look at the picture of the boy 
in the poi^d. If he makes large movements of the 
float, he produces large waves. If we strike our gong 
hard and cailhe its particles to make comparatively 
large movements, we make lafge waves in the air. We 
make a loud noise. 'I’lic loudness depends upon the 
height of the waves. We may make these mtve.s so 
vigorous that they hurt our ears. We feel inclined 
to hold our ears shut when a very loud noise reaches 
us. _ ^ / 

The air- waves beat* upon the drums of our ears, 
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particles of whicli it is made are moving rapidly to 
and fro. When we wish a drum to produce sound, 
%ve strike it with a drum-stick, and the stretched 
membrane of the drum vibrates. In a bell the metal 
! tongue .strikes the gong of the bell, and the bell* 

vibrates. 

When we play a piano, we depress the keys wEich 
move some levers and cause little hammers to strike 


the stretched wires, and they vibrate. 

You can feel tliat the different things are vibrating 
by touching them lightly. If you press your fingers 
% firmly against them, you damp out the sound arid 
the vibrations cease; there is silence again. 

We do not strike a violin to cause it to produce 
sound, but wc make its strings vibrate by drawing a 
bow acro-ss them. In the banjo we pluck the strings 
to make them vibrate, and in a wind instrument we 
cau^ a column of air to vibrate. You have no 
difficulty in realizing that sound is produced by 
vibrations. 

It is not difficult to picture these vibrafeig bodies 
producing waves in the surrounding ocean of air. 

A favourite picture with the present*^ writer is that 
of a boy making wave.s in a pond of water. We 
picture the boy having in his hands a pole to the end 
of whic^ there is fastened a round float. When the 
boy moves this up and down on the surface of the 
water, be produces wpes which travel across the 
"**^urfaoe to the edge of the pond. 

The boy is causing the float to vibrate at a much 
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slower rate than the particles of the gong vibrated, 
but you can picture the gong producing waves in the 
surrounding ocean of air. 

You know that we move about in this air ocean, 
and that we cannot live out of it. The air forms a 
great blanket or envelope around the earth, and 
beyond a certain distance from the earth there is no 
air. 

When we climb a high mountain, we are getting out 
of the thickest part of the blanket; the air is thinner 
on the top of the mountain and we feel cold. 

The men of the Mount Everest Blxpedition found it„ 
difficult to breathe vflien they got near the .summit of 
the mountain. 

We can swim about, in this air ocean, in balloons, 
airships, and aeroplanes; but we must be careful not 
to go too high or we meet with difficulties. Conscious- 
ness and life seem to become impossible in the 
thinner air. 

Let us have another look at the picture of the boy 
in the po^d. If he makes large movements of the 
float, he produces large waves. If we strike our gong 
hard and cail^e its particles to make comparatively 
largo movements, we make laf’ge waves in the air. We 
make a loud noise. The loudness depends upon the 
height of the waves. We may make these waves so 
vigorous that they hurt our ears. We feel ineiined 
to hold our ears shut when a very loud noise reaches 

The air- waves beat 'upon the drums of our ears, 
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and the vibrations ciiuse sensations to be telegraphed 
to the brain. 

Tlie great variety of waves which can be made in 
the air is very remarkable. When an orchestra is 
playing, you can easily recognize the different instru- 
ments which are producing the waves, although these 
waves arc all ivaehing you at tlie same time. 

Another thing we observe about the boy in the 
pond is that he can make a great variety of waves. 
He may make waves witli long distences between 
their crests; we call these Umrf waves. Or if he 
^ moves the float at a quick rate he produces a series 
of very thoH waves; they follow' close on one another, 
with only a very short distance between the crests. 

The low notes of the piano are produced by the 
longest and heaviest wires, which move more slowly 
than the others and produce longer waves. 

The high notes in the treble are produced by 
shorter wires tightly stretched which vibrate much 
more quickly and set up very short waves. You can 
realize that what we call the pitch of t]^ note is 
dependent upon the rate at which the air- waves follow 
one another. Slow vibrations give 'B, low pitch. 
Rapid vibrations give S, high pitch. 

If we use large tuning-forks (fig, 1) to produce the 
air-WEM^s, we may have one making 400 waves per 
second, and others making 500, 600, and 800 waves 
igex second* Each of these rates produces a distinct 
.^ensation, and with a little practice you may easily 
tell which fork is sounding. “If a fork is producing 
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400 waves per second, then its prongs must be 
vibrating 400 times per second. The wii-e producing 
the middle C of the piano vibrates about 500 times 
per second. 

We have seen that vibrating bodies produce waves 
in the air, but the waves may be produced in other 
things as well as air. 

We may ring a bell under water and at some 
distance place an ear-trumpet in the water, and we 


hear the sound of the bell. Indeed, we can hear the 
sound moich better through the water than through 
the air. If we use a solid body to convey the vibra- 
tions, we finS that it acts even better than the water. 

If the trunk of some gr5at tree is lying on the 
gi’ound, we may hear the scratching of a pin right 
through the whole length of the tree. • 

If someone scratches the tree at the one end, an 
ear touching the tree at the other end can hear the 
sound very distinctlyj though a third person, standing 
quite close to the one : making the noise, hears no 
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aound. Tlie solid tree retains the sound which would 
otherwise spread out through the air. 

You may make a very simple and pleasing experi- 
ment in the following manner. Take a metal spoon 
and tie a long thread to its stem, so that you may 
hang it in this fashion (fig. 2). Wind the end of each 
thread round a finger and close both your ears with 
these tw() fingers. I'hcn let the spoon knock against 
the back of a chair or the edge of a wooden table, and 
you will be surprised at the loudness of the sound 
produced in your cars. It is like an organ playing. 
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Fig, S.— A String Telephone 


More About Sound 

We have seen that a thread or string will convey 
sound better than the air. There is a very old experi- 
ment which proves this. 

The apparatus is very simple, consisting* of two 
short cardboard tubes each having a piece of parch- 
ment closing one end, and thp two parchments being 
connected together b^ a thread or string as shown 
in fig. B. 
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We call the round pieces of parchment diaphragms. 
They might be made of a thin sheet of wood or metal, 
and we could still describe them as diaphragms. 

The apparatus just described is called a string 
telephone, because it conveys sound to a distance. 
When two people sfeind at a distance from one 
another, holding the instruments so that the string 
is taut, it is wonderful how even a whisper may be 
heard. 

What happens is this. The air-waves, produced 
by the speaker, strike the diaphragm in the one 
instrument and the vibrations are conveyed by the 
string to the .second diaphragm, *which imitates the 
movements of the first, just as a cork would imitate 
the movements of the float in our picture of the boy 
and the pond. When the second diaphragm vibrates, 
it produces air- waves which, falling upon the listener’s 
ear, produce the same sounds as the speaker is making 
at the other end of the string. 

Many years ago I saw a telephone of this kind in 
practical use in some large engineering w<Fks. The 
diaphragms were made of metal, and they were con- 
nected by a stretched wire. They actwi very well, 
and over a considerable distance. 

It is evident that the connecting string or wire 
must IK* be very long, as it must be stretched tightly 
and in a straight lina 

In the case of the elegtric telephone it is not sound 
which travels, it is an electric current. 

Although the electric telephone was not invented 
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till 1876, it was predicted twenty years before that f 

time. In 1854 a French writer suggested an electric I 

telephone, and people regarded it as a fanciful dream. I 

Here is what this French writer said: : 

“ I have asked myself whether speech itself may I 

not be transmitted by electricity — in a word, if what ] 

is spoken in Vienna may not be heard in Paris. The i 

thing is practical in this way: ! 

“We know that sounds are made by vibrations . ii 

and are adapted to the ear by the same vibrations, ] 

which are reproduced by the intervening medium, . ^ 

But the intensity of the vibrations diminishes very, | 

rapidly with the dist;ance: so that it is, even with the < 

aid of speaking tubes and trumpets, impossible to J 

exceed somewhat narrow limits. Suppose that a man . ; 

speaks near a movable disc, sufficiently flexible to ; 0 

lose none of the vibrations of the voice, and that this h 

disc makes and breaks the currents from a battery; i 

you may have at a distance another disc, which will 
simultaneously execute the same vibrations.” '1 

This w§s a most remarkable prophecy, and it will "• 
be of interest to see how it came to be fulfilled. The 
name of the prophet was Charles Bourseul. 

So far back as 1837 it had been observed that f 

when an iron bar was magnetized and demagnetized I: 

rapidly it emitted a musical sound. This le^ to the h 

invention of musical telephones, but the electric tele- , \ 

phone capable of reproducing speech distinctly was , | 

not invented until 1876. 1 

In 1874 Elisha Gray, of Chicago, had invented a \ 
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telephone, but it was used chiefly for transmitting 
telegraphic signals by means of musical sounds. It 
did not reproduce speech distinctly. 

The speaking telephone was invented by Graham 
Bell, a Scotsman ■who had gone to reside in America. 
He desired to give a demonstration of his telephone 
at the Philadelphia Exhibition of 1876, but the com- 
mittee did imt include it as one of those to be demon- 
strated before a committee of experts. Bell was very 
much disappointed. While walking through the 
Exhibition he met the Emperor of Brazil, to whom he 
.was known. In the course of conversation Bell told 
him of his great dkappointmrjnt, whereupon the 
Emperor odled upon those in authority and arranged 
that Bell would have an opportunity of demonstrating 
his invention. 

W^en the appointed time arrived, the Emperor 
was present, and Bell invited him to be the first 
listener. Someone was stationed in a distant part 
of the Exhibition, and the telephone receiver was to 
reproduce the speech. Wdien the Empergg put the 
telephone to his ear, he a.stonished the experts by 
exclaiming, “My God! it speaks!” Not only was he 
astonished, but such exp*erts as Loi’d Kelvin (then Sir 
William Thomson) were astoni.shed also, 

Here»is what Lord Kelvin said when speaking to 
a British audience about Graham Bell’s telephone: 

“ This discovery, the^wonder of wonders in electric 
telegraphy, is due to a young fellow-countryman of 
our own, Mr. Graham Beil, a native of Edinburgh and 
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now naturalized in New York. It is impo.ssible not 
to admire the daring invention by which we have 
been able to realize with these simple expedients 
the complex problem of reproducing by electricity 
the tones and delicate articulations of voice and 
speech.” 

Bell’s first telephone was what you might describe 
as two telephone receivers connected together, the 
one being used for speaking into and the otlier for 
listening. 

Here is what the first telephone looked like (fig. 4). 



BATTERY 


.EARTH 


The bobbin which you see in each instrument is an 
eleetro-m^net; but what is an electro-magnet? 

When an electric current is passed through a wire 
surrounding ^n iron rod, the rod becomes a magnet. 
If you possess an electric battery, yon can prove this 
by winding an insulated wire around the kitchen 
poker (fig. 5). * 

When a current of electricity is sent through the 
wire, the poker is able to sup;^ort a key or other iron 
object. When you stop the current, the magnetism 
disappears, and the p&ker lete go its hold upon the 
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key. We can make tlie poker attract and let go at 
will. 

With regard to the telephone, in front of one polo 
or end of the eleetro-magiiet j^on s(!e a little steel 
reed. This reed can move as a hinge at A, while the 
other end of the reed is eonnec.ted to the centre of the 
diaphragm. Jn thi.s early telephone the diaphragm 
was made of gold-beater’s .skin. 

AVhen the diaphragm wa.s made to vibrato under 



the influence of the human voice, the little reed made 
similar vibrations in front of the electro-magnet. At 
this place there is what we call a magnetic field, an 
area containing magnetic force. When the steel reed 
moved in this field, it disturbed the elwtrie current 
passing in the coil, and ‘caused the particles of elec- 
tricity to vibrate. This pulsating electric current 
arrivingpat the second instrument caused the magnet 
to pull and let go, and in this way it set the diaphragm 
vibrating in the same r^anner as the one in the other 
instrument. And so we have the speaker’s voice con- 
trolling the first diaphragm, which controls the second 

ivm) 
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(liapliragm, wliicli sets up waves iii the air just as the 
speaker is doing with his voice. 

Two teiephoiie receivers will aot^over a moderate 
distance, without any battery at all. Tlie mere 
nioveuieut. of an iron <liaphrngin in clusc proximity 
to the electro-magnet will p!-(.idu(*.c a flow of electricity 
in the coil of wire .surrounding the magiiet, 

I have spoken from one room to another, u.siiig two 
tele])hono receivers without any battery. The one 
diaphragm imitates the other and reproduces the 
speech. 


CHAPTER III 

The Modem Telephone 

In the modern telephone there are two distinct 
instruments, as in telegraphy, a tran.smitter and a 
receiver, « 

The receiver of to-day is very much like Graham 
Bellas original telephone, but the transmitter is on 
quite a different principle, though it .servas the same 
purpose, viz:, to control the outgoing cjirrent by the 

The accjompanying drawing (fig, 6) will help you 
to understand how a modern telephone works. 

We u.se a microphone as a tranismitter; but what 
is a microphone? 

Com) B 
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Its simplest form is shown in lig. 7. 

Its name is descriptive of its use. The word is 
derived from the Greek mikros, meaning small, and 
you liave already seen the Greek word 2 ^hone, from 
whi(!h we got tlie phone of microphone, telephone, 
gramophone, and ].ihonograph. 

The microphone is a moans of magnifying small 
sounds, and it does this so well that the footsteps of a 
fly walking across the wooden base of the instrument 


TRANSMITTER 



may be heard in a telephone receiver. ^Ohe ticking 
of a watch sounds like the working of an engine. 

In thi.s microphone the electric current from a 
battery has to pass through a carbon pencil on its 
way to the telephone receiver. The pencil fits quite 
loo.sely between two blocks of carbon, one above and 
the other below it, as shown in fig. 7. 

This loose contact pauses a good deal of resistance 
to the passage of the electric current, but if the 
pencil is caused to vibrate it will permit the current 
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to pass more easily, and produce 

call a pulsating current. This current on reaching 
the reeeiTer will cause it to work in a manner which 
will he described later. 

'J’ho microphone of a modern telephone transmitter 
has a small box of powdered or granulated carbon 
in place of a carbon pencil, and the electric current 


TECEPHONe 


MICROPHONE 


BATTERY 


0, 0, 0, Cartel. 


finds difficultjr in getting through this loosely packed 

If we cause thase particles to vibrate to and fro, 
they allow the current to pass more easily, and .so 
again we get a pulsating electric current passiftg out 
to':^the :rhhBiver, 

One side of the box contaigiug the carbon forms 
a thin diaphragm, and it is against this we speak. The 
ait'Waves cause this diaphragm to vibrate in accord- 
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ance with the speech, so that an ever-varying electric 
current reaches the distant receiver. 

This current passes through the coil of an electro- 
magnet* which you will see in fig. 8. 

The iron diiiphragni does not toucJi the magnet, 
but is placed close enough to be attracted by it and 
to be influenced by any change of magnetism. 

The magnetism will vary according to the variations 
in the electric current coming from the transmitter, 
and this current is controlled by the diaphragm in 
that instrument. And so it comes about that the 
second diaphragm will imitate the movements of the 
first. In this way the diaphragm 
in the receiver produces waves in 
the air very like the air-waves 
which are moving the diaphragm 
in the transmitter. When the 
receiver is held close to the ear, 
these reproduced waves cause sen- 
sations of sound very like what 
the speaker makes at /.the distant 
end of the line. ^ 

It has always seemed to me 
that the most marvellous part of 
the telephone is that a little fiat 
disc of iron, can imitate the human 
?ig. 8.-A« the toire i* ^oice. In order to produce distinct 
wqrds we have to use our lungKS, 


wJm mng vocal clxordsj tongue, inoutli, nose, 

m ft oircBkr ||pg_ ^g^ ^ 


X .j..! Sik.1 ,1^ i!, ‘ . . L 0“ . L '"u , ’ ‘ , 
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iron plate can give such a good imitation of the 
same words that wc have often no difficulty in 
recognizing the voice of a friend in the telephone. 

Remember that the words spoken into a’ telephone 
traiismitter do not leave the. room in which they 
are spoken; the distant telephone receiver reproduces 
tliesc sounds by means of the electric current, electro- 
magnet, and diiiphragni. 

The reproduction is so good that wlien an Indian 
heard a man’s voice in tlie telephone for tlic first time, 
he stared at the instrument and said, “ Heap little 
man!” thinking the man was inside it. 

In the earlier days of telephony we had an electric 
battery beside each instrument., but now the electric 
ciuTent is supplied from the telephone exchanges. 

We do not wish this current to pass through the 
telephone except when it is in use. We wish to cut 
off the connection with the battery when the tele- 
phone is out of use. That is what happens when the 
telephone receiver is hung up on the hook provided 
for it. The weight of the re<!eiver depresses the hook, 
and this breaks the connection with the battery. 
The drawbridge is taken up, and no current can pass 
to the line wire. 

Then there is a bell to call attention when some 
one is desirous of speaking from tlie distant enfl. 

In the earlier days the speaker had to ring the 
distant bell by turning a handle which drove a small 
dynamo, but to-day all this is done by the exchange. 

I can remember when the telephones used to be 
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electrically connected, to some water-pipe in the house 
or office, in order to get an earth connection, and save 
the double wire seen in fig, 6. 

If both instruments were earthed, the telephone 
worked just as well as with a return wire, but there 
was one disadvantage. If the line wire happened to 
j)ass near another telephone wire, there was apt to 
be cross-talk between the two lines. The people 
listening on one line W’ere apt to hear the message 
passing on the neighbouring line. We say that the one 
current induced a similar current in the neighbouring 
line. It was found that this trouble was not nearly 
so bad if a return wire were used, so the telephone 
of to-day has a complete metallic circuit in place 
of an earth circuit. 

In the first days of telephony the instruments were 
connected in pairs, and communication could only 
take place between the two places at which the in- 
struments were fitted up. At each end of the line 
there was both a transmitter and a receiver, so that 
a conversation could be carried on by b/'th parties. 
But these two could only speak to^hne another, 
whereas you know that now wa may speak to many 
different people. To enable you to do this is the 
purpose of a telephone exchange. 


' ^ ' i i L£ : 
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CHAPTER IV 

A Telephone Exchange 

Everyone knows liow useful the telephone is to-day, 
and yet even intelligent people thought at first that 
it was merely a scientific toy. It was conveiiient to 
be able to speak to a friend at a distance; hut it was 
a great advance in utility to be able to speak to any 
number of friends in different parts of the country. 
The speakers need not be in the same town, or even , 
in the same country.* A man in London may speak 
to a friend in Paris. 

The part played by the telephone exchange is a 
very important one, and it will be of interest to see 
how it is that one telephone may be connected to any 
other one even in a different country. If we had 
only a dozen lines to deal with, we might bring all 
the ends of the twelve telephone lines into one room, 
and fasten or clamp them together at will ; but, with 
several thot^iand lines to deal with, this simple plan 
is out of the question. 

Nevertheless, we begin by gathering the whole 
crowd of telephone wires into one building. If the 
town or district is a very large one, we may reqiuire to 
give each area an exchange for itself; and in that case 
we have to give communication between these various 
exchanges. But how are the wires to be connected 
together? In fitting up houses with electric light it 
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is a common practice to leave the ends of wires 
fastened to sockets fixed in the wall, and into these 
wail-plugs may be fitted at will. In this way we can 
connect a reading lamp to the electric main, or we 
may connect with the main an electric iron or a 
heater. 

The waJI-plng consists of two little metal fingers, 
to each of which is fastened one of the ends of 
the wire from the lamp. The tW'O little metal 

B sockets are connected to the 

ends of the wires which lead 
to the electric power station. 
When the little metal fingers 
are pushed into the sockets, 
the lamp is connected through 
to the power station. The 
same idea^ is used for con- 

gether, but the sockets and 
plugs must take up much 
less room than an ordinary 
wall connection/ 

In fig. 9 we see the plan 
''upon which this is done. 
Each pair of wires is con- 
nected to a double socket 
which called a “jack”. 
You see the ends of these 
jacks exposed on the board 
; ,%.9 '''V- which is called a switch-- 
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board, because it is used for switching one telephone 
line on to another. ^ 

Fig. IG shows how the wires from a telephone arc 
fised to one of these jacks. 

One jack may be. connected to another by usiii" a 
short flexible cable containing two wires, with a pfug 
on each end (see fig. 9). When these plugs are 
pushed into the jacks, they place the wires in con- 


WIRES 


owu pairs 01 telephones are con* 
neoted. U^ers may be connected by using more 
plugs. 

Having seen how one telephone line may be oon- 
nected to another, it will be of interest to pay an 
imaginary visit to one of our large telephone ex- 
changes, Some years ago it was very easy to recog- 
nize a telephone exchange :^om the great congre- 
gation of wires passing in through the roof of the 
building. But nowadays the telephone wires enter 
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the building from underground, and the lines all 
pass under the pavements in cables. 

On entering a large room or hall we see a great 
many young ladies sitting round the room facing a 
long switch-board to which all the telephone lines are 
connected. The ladies are called operators, and each 
attends to the telephone calls of about fifty subscrilmrs. 
We are surprised to hear how little noise there is. 
Each operator speaks quietly into her own telephone 
in reply to her subscribers. 

Each telephone user is called a subscriber, because 
he subscrihes a certain amount of money each year for 
, the maintenance of the telephone exchange. 

Many years ago the telephone subscriber had to 
turn a handle to ring the telephone bell of the sub- 
scriber to whom he was connected by the operator. 
He had to turn the same handle to call the attention 
of the operator when he desired to speak to her. I 
was surprised to find some people had the idea that 
they were ringing a bell at the exchange, and more 
than once I found someone turning the ]^ndle most 
vigorously, under the belief that he wfS making no 
end of a noise at the exchange, as he considered he 
was not getting proper attention. He was very much 
disappointed when I told him that all he was doing 
was tcf’move a very tiny lever up and down on the 
switch-board, and that this movement could scarcely 
be heard. ^ 

If you look at fig. 9, you will see 50 little shutters 
which cover numbers representing the 50 subscribers. 
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When a subscriber turned the handle of his telephone 
ringing apparatus, the little shutter covering his 
number was released and fell down by gravity, thus 
exposing the number and informing the operator that 
No. so-and-so desired to speak to her. 

The continual “ringing” only continued to move 
the little lever or catch which held the shutter up to 
cover the number. These were called indicators, but 
nowadays, when w'e wish to call the exchange, we 
merely lift our telephone receiver off its hook, and a 
small lamp lights up underneath our number on the 
switch-board and indicates the number calling. 

When the operator, using a pair of plugs, connects 
us to the subscriber to whom we wish to speak, 
another little lamp, in connection with the plug, lights 
and remains lighted so long as you keep your tele- 
phone receiver off the hook. When the telephone 
receivers of both subscribers are replaced upon the 
hooks, this lamp goes out, and the operator knows 
that the conversation is finished. 

Each 0 ]»rator has a portable telephone, the trans- 
mitter of wS^ch is carried by a little saddle arrange- 
ment on her shoulders and chest. The receiver is 
shaped like a watch and is carried by a band round 
her head, so that it is always at her ear. She has a 
short wire from her telephone with a plug, wMch she 
can place in the jack of the subscriber calling her. 


The subscriber does not 8%y “Please connect me 
with Mr. John Smith of such and such an address 
He must look up the telephone directory and see what 
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number his friend is known by, and lie then merely 
states the number of the subscriber to whom he 
desires to speak. 

hVom fig. 9 we can see how it is possible for one 
operator to connect a subscriber to any one of 50 
subscribers; but what if he asks for No. 105G'? 

In a modern switch-board the jacks are made very 
much .smaller than in fig. 9, and they are crowded 
close together. 

Four operators together have in front of them the 
jack,s of all subscribers connected to their exchange. 
, The next four operators have a duplicate table, and 
these multiple tables are repeated right through the 
exchange, so that each operator can connect her sub- 
scribers’ lines to any other lines. 

When a subscriber asks for a certain number, it is 
evident that some other operator may have connected 
this number already to some other subscriber. What 
is to prevent several operators connecting up the 
same number at the one time and thus causing endless 
confusion? 

This difficulty is overcome in a vej^ ingenious 
manner. It is true that each subscriber has a sepa- 
rate jack in every table, but all his jacks are connected 
together by a wire in such a manner that, if any jack 
is in u»e, the operator in touching her jack for that 
number will hear a click in her telephone, and she is 
able to tell immediateli^ that the line is engaged. 

If a subscriber calls for a number which is connected 
, to a different exchange, theo the operator receiving 



rjr . 





page 



A TELEPHONE EXCHANGE 29 

the call calls up the other exchange on a connecting 
line called a junction line. Having tokl the other 
exchange the number of the subscriber wanted, hIip, 
leaves the calling .subscriber’s line connected tlirough 
to the other exchange, and the call is attended to in 
the way already described. 

The same thing happens if a sub.scriher wiahe.s to 
.speak to .someone in another town. The operator 
who answeivs the call switches the suh.scriber through 
to the exchange in the distont town. The lines 
connecting exchanges in different towns are called 
tnmh lines. As already .stated, the towns may be » 
in difietent- :countri^,^'but:, thfisre^;is ■ ArEmifr 
distance if the towns are separated by sea. The tele- 
phone cannot be worked through a very long cable 
under the sea. We may speak through a cable under 
the English or Irish Channels, but it is impossible to 
speak through an Atlantic cable, though it is possible 
by wireless telephony to converse with America^ 
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CHAPTER V 

An Exchange without Operators 

We liave many clever automatic machines in our 
factories and workshops. These machines ret^uire 
only to be fed with materials, which they handle 
thein.selves without any further control. 

One machine is fed with rods of brass, and it 
converts these into screw-nails. Another i.s fed with 
steel wire, which it makes into needle.s. Blocks of 
wood are fed into one maehin^, and they come out 
as matches, ready for use, and neatly packed in boxes. 

A sewing machine is made by a number of auto- 
matic machines, and so are boots and shoes. Indeed, 
there are few industries in which automatic machines 
are not used. Nevertheless, it seems rather ridiculous 
to suggest that the operator in a telephone exchange 
may be replaced by an automatic machine. 

Many years ago there was exhibited an alleged 
automatic machine which played a g|i^e of chess 
with a living opponent. This was considered a 
marvel until it was discovered that there was a living 
person hidden within the machine. 

We« have automatic telephone exchanges, and 
there are no young ladies hidden within the machines. 
Indeed, each machine i^much smaller than an operator. 

First of all let us see what happens at the sub- 
scriber’s end of the wire. There is an ordinary tele- 
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phone instrument with the addition of a dial with 
numbers, as shown in fig. 11. 


The disc, wdiich is in front of the irumbers, is capable 
of being turned round. When the subscabeii^ 
to call, say, No. 2468, he puts his finger in No. 2 hole 
in this disc and pulls it round to the st^)p as though 



lie lets it spring back. Next? he places his finger in 
No. 4 hole and repeats the operation, following with 
No8.;:6^and v;. "v 


Having done this, he knows he is connected through 
to No. 2468. Let us now visit the automatic ex- 
change and see what is happening there. 
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a Dumber of queer-looking raacliines to wliich the 
wires are attached. Each of these is called a selector, 
because it selects the number required. There are 
a Dumljcr of groups of selectors; it requires a group 
to find the number. 

We watdi the first selector at woi'k. It has a 


Kg. 12 

pointer or lever as in drawing (fig. 12), in which you 
see 10 contact pieces. Each of these represents the 
end of a wire, and the little lever can turn round 
like the hand of a clock and touch eacjfr of these in 
succession. It is impulses coming in from the sub- 
scriber’s instrument whndi cause this lever to turn. 
When the subscriber signalled tbe number 2, the 
lever received two impulses, which moved it to No. 2 
contact and its connected wire. This selector in 
moving to No. 2 has ^switched the subscriber’s line 
on to a wire leading to the selector which deals with 
the ,2000 group of telephones. But where is the 
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subscriber’s telephone line? It is attached to the 
lever which moves round, and the lever has therefore 
placed the subscriber’s line in connection with the 
2000 group. 

As the first o]ieration acts on the thousands sclee- 
tor, all subscribers’ ininibervs must havei four cligife^^^ 
so what iti ail ordinary tilepbone would be No. 24(5 
becomes No. 024(5 in tbc, automatic system. 

next signal sent is No. 4, and; this’ selects . 
tbe 400 group, so that tbc caller lias got up to 2400; 
he still wishes ■ to select 68. We watch the last 
wdector, in which we may picture a scnucir<4e with 
10 contact pieces and'’irome(liateiy above that another 
10, and so on until we have tmi rows, representing 
the units, lO’s, 20’s, 30’s, 40’s, 50’s, 60’s, 70’s, 80*R,and 
90’s. The No. 6 signal arrives, and we see the little 
lever rise up to the sixth story. It has found the 
60’s, and at the next and last signal, No. 8, it turns 
round cloek-wise eight steps, and now the subscriber 
is connected to the eighth line in the 60’a of the 400 
lot of the 2000 group. In other words, the calling 
subscriber is^jonnected to the other subscriber whose 
-numberls;;2468./-: f'f'- ■ 

Before he sends his .signals the calling subscriber 
lifts his telephone off the hook, and this automatically 
switches him to a selector which is free to attend him. 

If he hears a droning hum in his receiver, repeated 
at regular intervals, he knows that the automatou 
has found the other subscriber’s line to be already- 
engaged. He hangs up his receiver and tries again 

fiXTO) ' .0? 
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as soon as he thinks the other subscriber will be free. 

When he succeeds in getting the number, there 
is an automaton which rings the other subscriber’s 
bell until he lifts his telephone off the hook. Then 
the two lines remain connected until both subscribers 
hang up their telephones. As soon as this is done 
the selectors all move back to where they were before 
the call was given. 

If we take a walk through the automatic exchange, 
we find hundreds of tliese little automatons packed 
close together in large cabinets. While "we are stand- 
ing opposite one cabinet, we vsee a red lamp light up 
over this particular group. Th% engineer is speaking 
with us and does not notice it till an alarm bell goes, 
and he then opens the cabinet, in which he finds one 
of the little levers has become fixed in its passage 
across the contact pieces. He frees it, whereupon 
it falls back to its stationary position, then it moves 
on to some number w'hicli a subscriber is calling. 

If any selector fails to work, the red lamp lights 
up over the cabinet in which it is, and if not attended 
to in 30 seconds it rings an alarm bell. ^ 

These automatic exchanges were first used in 
America, but now thefe are a number of them in 
Great Britain. 

It seems quite uncanny to see these little selectors 
working away with no one attending to them, but 
you know that the distant calling subscribers are 
sending impulses of electricity to them, and causing 
them to move as desired. 
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CHAPTER VI 

Speaking along a Beam of Light 

It may seeni ridiculous to say tliat we csin speak 
along a beam of light. You did not think there 
was any eonneetion between light and sound. You 
thought that light is waves in the wean of aether, 
while apjMcl is waves in the oeean of air. 

V^ThfiSfi : thoughts are : fjmte 

direct eonneetion between light and sound; but you 
will see what happens. The arrangement is as shown 

Boys sometimes play with a |ittle mirror by which 
they can reflect a beam of sunlight in any desired 


if 

II 

my- 
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Most of us have seen a great beam of light sent out 
by a powerful searchlight. The searchlight is merely 
a powerful electric lamp, with the light reflected by a 
concave mirror which focuses it and gathers it into a 
beam of light. 

In the early experiments of speaking along a 
beam of light it was tho rays of the sun whicli were 
vusedi' ^ 

You see in the drawing (fig. 13) that a beam of 
light is reflected to the telephone receiver at some 
distance. The instruments had to have a clear path 
between them, as the mther-waves forming the beam 
of light travel in a straight line.*^ 

In this telephone experiment the light was reflected 
by a little flexible mirror. It was against the back 
of this mirror that the person spoke. The air-waves 
falling upon this flexible mirror caused it to vibrate, 
and its vibrations sent impulses through the sether- 
waves of light. These impulses were controlled by the 
human voice, and when they arrived at the distant 
station they controlled a telephone. How was this 
accomplished? 

Light could not operate a telephone, so it was made 
to control an electric current which could operate it. 
The next thing we wish to know is how light is able 
to control an electric current. 

There is a simple or elementary substance which is 
called selenium. Its pame is derived from the Greek 
selene, the moon. Selenium is not a metal, but is 
of. a nature not unlike sulphur. What interests us at 
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present is tliat it lias a v<M’y strange propci'fcy. When 
it is in the dark, it offers considerable resistaiiee to the 
passage of an electric cuiTent through it. We say it 
is a poor conductor. But strange to say, -when light 
foils :Upon it, the resistance is so decreased that; the ' ' 
curnuit (d‘ electricity ciin pass. It acts just like a 
water or gas valve in controiling what passes. The 
uKtre light that talks upon tiio selenium, the more 
cl8(ffricity does it allowf to pass. . 

It is in tliis way that light is nwde to control the 
{jurrent passing from tlie electric battery to the tele- 
phone in tlic experiment winch wc am coii.sideriiig at • 
presen t. ; 

The. elerstrio current will vary according to the pul- 
sations of light falling upon it. We have scjen already 
that the beam of light will vary with the .speech, and 
therefore the electric current wdll do the .same. This 
varying current will operate the telephone, and will 
cause its diaphragm to vibrate in sympathy with the 
little mirror which forms the diaphragm in the trans- 
mitting apparatus. Just a.s in the ordinary telephone, 
this special telephone will reproduce the .speech. 

It is interesting to note that thi,s is really wdreless 
telephonyi and' fhat: itv’;w 

which was sixteen years before the invention of 
practical wire]e.ss telegra[»hy by Marconi. 

This experiment of .speaking along a beam of light 
has been put to a practical use in America, wheixj the 
»experimetttS;;wer0;:mfoled:G:;-':.:-.:V;v’Vv'.:.^ 

This system of telephony has been used for com- 
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muaieating between ferry boats and the shore. A 
powerful electric arc lamp was used as the source of 
light, and a beam from this was focused on to the 
little mirror which forms the speaking diaphragm. 
The beam from this mirror was directed to the distant 
ferry boat, w’here it affected a selenium cell which 
controlled the electric current passing to the telephone 
receiver. 

It will be apparent that there will be a limit to the 
possible distance over whicli this system can be used, 
but a conversation by such means has been carried on 
successfully over a distance of some miles. 

It is interesting to note that the most recent 
development in wireless work is the use of a beam of 
waves, directed in the desired direction. 

The waves which con- 
stitute light are the very 
same as those which carry 
our wireless messages, 
only the electric waves 
used in wireless are very 
much farther apart. We 
call these longer waves, 
and some of them measure 
several miles between 
crest and crest. 

It is difSeult to reflect 
such long waves, and 
those which are reflected 
for wireless are caUed 


H 
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shorter waves, but they are still very much longer 
than the waves which form light. 

In the early days Marconi used metal mirrors to 
reflect the wireless waves, hut now the reflector is 
made of a series of wires fonning what we (iiill a jiura- 
bola (fig. 14), or what you might describe as an 
egg-shape. 

The idea in using a beam of wirelesswavas is the 
same as that in the experiment described in this 
chapter. But there is a difierence in the njsults 
obtainable. A beam of light can only be used when 
the objects are not vei'y far distant, or we might say 
only as long as the two stations are within sight of 
each other. We may send a beam of wireless waves 
right from here to Australia, as these waves bend 
round the earth. 


;• ::::::'eHAPTBB-. wii 

A Telephoae with a Good Memory 

It might seem a jest to |ay that there is such a 
thing as a telephone with a good memory, and yet 
there is a machine which will accept a message in its 
master’s absence, and repeat it to him on his retarn. 

This machine is called a telegraphom. You can 
see this word is derived from the Greek tele, at a 
distance, grapho, I write, and phom, a sound. It 
writes sound , at a distance. It has been called also a 
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ti>Ieplionograph, which is merely the word telegra- 
phone turned round, another way. 

It has been named also a nuignetophAmograph, jind 
this name tells you tha.t magnetism plays an important, 
y part in tlie work done by tin; 

\. instrument. 

Ny It will 1)6 well to eoTi.sider on<' 

or twf) points in eonneetion with 
I I iNl magnetism, as they phj.yaiUKiti\'« 

I I 1 lx making of the record 

L-J V4 sounds spoken into tiie 

fef Is ^ machi.ne. 

pM If you draw a magnet along 

^ P*®*'*® of stool wire, you will 
magnetize the wire. Many i)oy.s 
i-ig. 15 gbls have made knitting 

needles and sewing needles into 
magnets by stroking them with a magnet (fig. 15). 

You may use a permanent steel magnet or one of 
those temporary magnets which we describe as eleotro- 
magnete, because they are only magnets so long as a 
flow of electricity is passing through, a coil of wire 
around the iron core (fig. 16). 

Suppose you had a steel wire passing under the pole 
of an electro-magnet. The steel would only become 
magnetized so long as you kept passing an electric 
current through the magnet’ s coil. You could protluce 
spote of magnetizationfby starting and stopping the 
oaitent. 

That is what happens in the teiegraphone, in whieh 
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tin.'. Imnum voiee controls the current passing to the 
luagnet. 

1Y)« know how the little loagnet in a telephone 
receiv'er attmcts anti lets go an iron diaphragm,' 
caiiKing it to M’brate in sym|)athy with the distant 
voita*. Tin* dtity of the electro-niagnct in the tele- 
graphone is t<i pimdiTce s}K>ts of niagnetization iti the 


wire passing against it, and these are controlled hy 
the;voiee,;;:y;;';AAV 'r 

Having taken a magnetic record of the telephone 
message by means of this magnetophonograph, as 
it is sometimes called, we then pass tlie wire against 
the elpfetro-maghet of A tdephpn^ 

happen! have- seen : elsewhere Ahat; a-: im%heh 
in motion protluecs an electric current, and changes 
of magnetism prtxluce a simila;* electric current. The 
moving magnetized wire alters the magnetism in the 
eiectro-magnet, and this produces an electric current 
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which is capable of operating an ordinary telephone 
receiver. 

In this way the record, taken down by the telegra- 
phone on the magnetized wire, causes a telephone 
receiver to imitate the speaking diaphragm, and the 
teleplione message given to the telegraphoiie is re- 
ptaited at will. 12,32 0 

Let us teke a look ;it the instrument. In one 
form of it we see a .steel tape pa.s.sing undiir the pules 
of an electro- magnet, and a gentleman is dictating 
some letters to the ma<;hine instead of to a shorthand 
writer. We see that the wire is gradually passing 
fronr a full reel to an empty one. Its speed of travel 
is about seven feet per second, which is somewliat 
quicker than the pace of a smart walk. 

When dictating the letters, the speaker may desire 
to alter something he has said. He touche, s a button, 
which causes the machine to stop and run the wire 
backwards. The wire passes under the poles of a 
permanent magnet which obliterates or wipes out 
the magnetism from the wire, just as you can take 
a piece of rubber and rub out what you have written 
in error. 

This pennanent magnet serves a second purpose. 
It is in action also when the wire is travelling 
forwards, but in that case it acts before the wire 
reaches the recording electro-magnet, and this serves 
a useful purpose. TI^ owner does not wish to use 
a new reel of wire for every lot of letters. He may 
use a reel of wire for a second lot of letters, and this 
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pcrmaneDt magnet obliterates the old record before [' 

it roaches the electro-magnet. V ^ | 

When the speaker has finished his dictiition, he lays : ■ A A 
down the telephone transmitter into which ho has 
' 1 ) 0(01 speaking, and thi.s action cau.ses an indhmtor ; 

"■yyv;’;* -show^ ih^ tlie- 'typist’s: ^room.' , The fypist:'\putS'vbn'-:'’’ 

: a pair of hbiwh'telepliottes: such "as used in wireless,: ■ '- V' .:i 
, and these are connected to the telegraphone. Bho 

niovc.s a switch which sets the telegraphone in motion, ; 

ami as the wire pas.se.s in front of the ol(K;tro*niagiiot ; 

in the machine, the speech is repeated. The typist ' 

need not take this ^lown in shorthand, because the ’ | 

machine will go at a rate which she tain follow on her i 

fif f :;:':::,fypewriter.'' If- she - should' fail to ' catch- :all:: that^ifc-'--: Hj-ii 
f f '■ :move8 anothet'switeh,' whemupoh; the? wire 

goes back a little and repeats what it lias already said. | 

The permanent magnet is withdrawn from the wire . J 
while the machine is speaking to the typist, otherwise , f 
^message ■:WouM;fbe . obliterated; ''before rt 'reached 
the electro-magnet. It is only when the machine f 

is being spoken to that the permanent magnet clears 1 

:::;;:|;;:::rf:-:-i:;:the::wire,for;recem 

The reels with the wire ^ are driven by a small | 

motor, which may be eleetiic or clockwork as in a | 

■"■'f''^tfohoph6he,i 

;Af|:A;:'^:':^-^'■f:y:Ifythe:ftyp!sl;;has-:ipeeasion"^ 

while she is typing the letters, it will move the wire ) 

backward a little way, so that it gives, her the end * 

of the last sentence over again before it goes on i 

, yi , with the fr^h dictation. This arrangement is a [ 
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great coiiveuieiicc to the typist, for tlm iiiaclune is 
in another room, standing on the dictator’s desk. 
It is under her control so long as it is being used 
by her. Only the head telephones and the switches 
are in her room. 

The inventor has provided mcfuis of taking a 
re(!ord suitable for sending by post. In this case 
tlie machine makes the magnetic, record (ai a tinl 
,stcel disc, not unlike a gramophone record, both 
sides of which may be used. Such records may be 
used in place of Avritten letters, provided Ijotli the 
sender and the receiver possess a telegraphonc. 

The inventor of this macliine was a Dane. His 
name is Valdemar Poulseu, and he is known, by those 
who are Avell versed in wireless, as the inventor of 
a speaking-electric-arc. Poulsen invented tlie tele- 
graphone in Denmark in the beginning of the present 
century. 

At first he made it very like a phonograph, for 
the wire was wound in a long spiral around a cylinder, 
which was turned round as in a phonograph, but 
afterwards he made the wire travel from one reel 
to another as already described. 
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CHAPTEE Till 


’ The Optophone": 

Optophone is seen in the plate facing page 48, ^ 
and even if yon failed to notice that thenum is lilind, 
you might guess from the name of the machine that 
it IniH something to do with seeing and sound. 

You will re.cognixe the first piirt. of the word opto- 
plumr- as being related to the word optician, whom 
you know to he one who sells spectacles, telescojies, , 
microscopes, and oplfra glasses. These in.struments 
i are for seeing with; the name optician is deriv(;d 
jseen.:: : -ttl: 

' In the optophone one may be said to see by means 

; of sound, for a light showing upon the printed type 

J of a book causes sounds in a telephone receiver, and 

j , these sounds may be recogiiked as coming from the 
different letters in the alphabet. 

' After having read the chapter on speaking along a 

beam of light, you will be able to guess that seleuium 

it enables light to control a telephone. 
®;:;-l'h;;;':::h;llIt:ywiE::he;.:df:::interesty;totoxBmiue 
j and then, in fancy, to listen to it. Wo scje an open 

k::':te»k-;|yihg;:;face:downwatd8':-®; 

'®dppof tM '"on:: 'A'-'SHilable ; Btatjdv'^^: ■ 
|?l-;||h::''hlf:TEift?;bt}dkTe#TOMisfcl/;pf;:;a=:m^ 
iiillf t|:'pa:;|phr": :feet;;:ahd:isuppo^ oP-glass ;; h 
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PRINTEO PAOE 
(Face DowmjmosX^ 


MAiN SCLENlUm BmOGE 
. fccusmm IcNS 


OsJECmC Am MmiFfCAWN 

ADJUsrm Ur^s 


RiFUCTiNG Lens. 



■■ ■' . . BALAmER ' 

Selewum BRwaE-h---" 

RorATiNG Disc 

I AMR. 

Lamp Battery-^ 


Motor Battery^^-^^i^ 

Motor. Brushes Permanent Magnet 

l^g, 17.— Biagmmmatii; arrangemcint of Optophone 

upon which the book rests. Means are provided for 
elamping down the page so that it lies in close contact 
with the upper surface of the glass. 

You could, guess that' there is sure to be a lamp in 
the machine for producing a beam of light We see 
a little lamp with a filament stretching straight across ; 
the glass tube. This lamp k covered by a porcelain 
plate, in which there is^,a small hole to permit a beam 
of light to pass out and fall upon the printed page. 
” * * to the 
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poreelain cover, wliich is prepared as a senaitive 
selenium bridge and is connected to a battery and 
head telephone. 

We see that the beam of light, after being reflected 
from the page, passes through some holes in a black 

This reminds one of the discs used in a siren. If 
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you have never seen a siren, 'you are almost sure to 
have heard one. It makes a loud noise, while its notes 
and fall in the scale. 

You could almost tell, without any explanation, 
how it works. It will produce ^^air-waves according to 

through the succeeding 
This rate 
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will depend upon tlie number of boles we cut in the 
plate, and also the speed with which we make the 
holes pass the jet of air. The faster it goes, the higher 
will be the note. 

Ocf'asioiiiilly one hears a siren, fitted to a bioj'cle 
wheel, giving warning to pedestrians. In the opto- 
phone this plate or disc wnth tlie holes is not to permit 
sound to pass, but to control the light reilocttal from 


the printed type. It will make no noise, but the 
interrupted light wdll affect the selenium bridge, and 
this will control the electric current passing to the 
head telephones, in. which sound will be produced. 

When the light passes through the outer row of 
holes, there will be more interruptions to the light 
than when it passes thtough the inner row of holes, 
because there are more holes in the outer row. 

If we put on the head telephones and listen to light 
passing through each row of holes in succession, we 
hear the notes soh, dolj, ray, me, soh. If we alter the 
speed of the little motor which is driving the disc, we 
merely alter the key; we still have soh, doh, ray, me, soh. 
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SHpfiose tJie beani of ligBt to be reflected by the 
printed word “Type” as .shown in fig. 19, 

Ytni .see tint the top pari, of tbe eapilal letter will 
reflect t-be light. :v , . 

' In te |diim page . wbick refleefei Vtbe 

light and the bljM'k; letter.^ al «oi-b it, but the inatsb iac 
eanses: : the;: resnlts to be reversed.' ; This reversal -is 
brcviigbt staioiid beam of light upoti 

a .second .scdmjinin bridge, but we need mit tronbhs 
wilb llii.s. It i.s Huificieiit for onr purpo.se to know 
that ibe, l)ea.ni of light falling ujxni tlie top part of 
tb(‘ taipital “T” product's .sob in the tebjphone. 

It will be .S(ien froifi fig. 19 that the long ends of 
the letter.s “y” and “p” pronounce the sob whioh is an 
octu\'e lower. Tbe. intermediate notes me, ray, dob, 
are produced by tbe main body of the type. We 
make tbe light pas.s over a capital “V”, and as it passes 
the first ilownward .stroke wo hear soh, me, ray, dob, 
and as it pa.sse.s the upward stroke we hear ray, me, 
soh. The sound in the telephone runs down and 
then up tlie scale, or “scala” as it is called in the 
opibjpbpnet;;':'^'': V;::-' • 
We make a .small “ v” pa8.s, and we can easily dis- 
tingui.sh it from the capital, for it only sounds me, ray, 
dQlpT'ay,-'me.::/y : Jy.g-1 vgg'; 

When the light passes over the eraal! letter “o”, it 
sounds ray, then a cord of me and dob together, 


then it finishes off with ray,* thus ray, ray. 
Each letter produces a definite scriea of sounds, 

(» 476 ) » 
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which can very easily be recognized with a little prac- 
tice. At first the reading will be very slow, atjd 
even after practice it cannot be very fast; but think 
of the great advantages. 

Imagine .some good fairy telling a blind wan ihut 
she would make him read ordiTiar}" book.s iihsteud rtf 
the raised type to which he has become acraustomed, 
(She would indeed bo comitod a good fairy. Tin* 
optophone is sncdi a fairy. It enables the blind to 
read any book of ordinary i|)riiit. 

Some books are printed in much larger type than 
othens, but the light can ea.sily be focused by the 
blind man -when listening in tfie telcphono. He can 
adju.st it to cover the capital letters. 

if we take another look at the iu.strnment, we will 
see that the little lamp, with its di.se and selenium 
bridges, travels along the line of print on a shaft. 
When the lamp has reached the end of one Hue, the 
shaft move,s it down to the nest line, and so on it 
goes till it reaches the bottom of a page, w'hen it can 
be placed oppoisite the first line of the next page. 

The blind operator can make the machine go ns fast 
or as slow as he or she wi,shes. The speed is regulated 
by merely turning a screw. 

The optophone was invented by Dr. B. E. Fournier 
d’Albe, of London, and it has been greatly improved 
by Messrs. Barr and Stroud, Limited, Glasgow, who 
are making it. The one disappointment is that it 
costs, about one hundred pounds to make each 
instrument. 
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CHAPTER IX 


‘ Applications of the Telephone 

A ' F}%evtelepli«ne:A»fiy;;j:K!; aseil ''as' a knid" speaker. ' '-A ' e: 

'demonstratiorr of tIris waB given'! Amerw-a in lAlil. 

' Loud speakers: were : in the ' large halls of 

^ ftn Exhiliilion nr flo.ston, !inii were used to make 

;; I atinoinrceTnemts fo ■ the puldie, and also to : distribuh? ^ 

: niiisic; ft'om ^gmiuofdionea 

; I Out! iiujident showed a ju’aetieal use of these loud • 

':!l ■ 'iv-' ; ; ii^eakers,: ' eliild, having been sepfimted 'froia^v-its.. ■ j; 

parcjits in the eirmd, was taken to a position of safety, 

Si ‘ ' and an annonrieementofthis feet was made immediately 
^ throughout the great building by means of these huid. 

■St spenbers. This enabled the parents to know at once 

'’'thai'^f heir' child was'safeland' :Miere ItheeMId': was.- 


J * At this Exhibition there were 90 loud .speaker.^ 
1 fitted throughout the large buildings, and these were 

} all connected to one transmitting telephone placed in 

Iv; ’:L |8cmnd-probf|telephone:;<3abiimt':;'-'^ 'jy'v'yyyyy'':-“': ;v 
; I ha%’e seen thtwe loud speakers used at sports to 

I make announcemeute i)f the different events about to 


ltftke;.idaee,y;ahdy.t»:'';to!Lyth'e:: iresulte' ;; 0 ^ 
contests. Tile instrumente were placed around the 
sports ground so that the inemherH of a vast audieuce 
;:pf::;'l:OOvOdQ^L:pepp|e;;::eOul^ yijearvA'istinctly.:^y;|:Tliey 
:;«ppk|r:iAa&;:iatyybiie'^'y'ewd3yp£:::;tlm 
speaker’s unaided voice could not have been heard 
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excepting bj tliose in his immediate neighhourhoofl. 
On one occasion a distinguished politician was usijig 
loud speakers to address some 50,000 people gathered 
together in the open air. He hehl tlie transmitting 
telephone in his hand, and his voice was heard by all 
During his address he wished the chairman to concli 
lihn on one particular point, and he spoke in a whispta-. 
forgetting the tell-tale instrmnent in Ids hand. His 
whisper was heard i>y the whole audience, which was 
evident by the sudden roar of laugliter. 

There is another invention in which the voice 
is recorded and reproduced on a principle entirely 
different from the tclegraphone. This instimment 
was called originally a photographophone, but more 
recently a photophone. 

The first name was more descriptive, as photography 
plays an important part in the recording of the sounds. 
From what has been said in some of the other chapters, 
yon will be able to guess that selenium takes part in 
this invention. How did the invention come about? 

In 1900 W. Duddell gave a demonstration of what 
he called a musical arc. You may have seen an 
electric arc lamp lighting up a street or railway 
station, though those arc lamps are not so much in use 
as they were some years ago. 

The electric current passes between two carbon 
pencils and produces a very bright arc of light. 
Duddell used one of these lamps in his demonstration, 
I saw this demonstration repeated in the Univeraity 
of Glasgow by my old friend Professor M'Hendrick, 
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hihI it may 1 k! of interest to see what O(;rtarro<1 on 
tliat oenision. First of all there was .shown an arc 
on the lectin’e table connected up to a telephone 
tran.sniitter, so tlmfe the eiectii^^^ current passed tlirough 
tljc leleplione and also through the are from the one 
carhoTt pi’Ucil to tin*, other. 

A whi.stle, ■was jtlayod in front of the telephone, 
wltpreupon the arc la,mp began to jump and gi%'e 
fortli tlie sainc ncttos. At that time it wins, called 
by some a “ whi.stling arc”. 

Tht* human 'voice wars; hIiqwii to atfect the are iiIkP. 
'rhen the telcpvhone was taken to anotlier pai’t of the 
building out of eanshiSt. One of the assistant.?, going, 
to the flistant end, sang into the telephone. The 
ju'ofessor told us what was going to happen at the 
di.stiint end, and we heard the song coming from the 
arc .oh the lecture table. ■ 

I'he a.ssistant tlien spoke into the distant telephone 
and the arc repeated the word.s, hut at that time 
■speech "was ;;not ■ produeed ;distiuotly.- >^:v,'V-r' 

With inipi'ovements made later, speech was so well 
re.prmluced tliat the arc wa.s renamed the “ speaking 
arc It was thi.s which sugge.sted to Ernest Kidimer, 
of Berlin, the iilea of his pliotographophone, which 
die'iiiwented';:ih :.10hlv A,; 

Rulimer’s idea wan to pliotograph the varying light 
from the speaking arc, and then use the record to 
reproduce the sound when desiBed. What he did was 
to take a cinematograph picture of the light coming 
from the varying arc. Imagine the are flickering 
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like a dying candle. The Hickerings of the arc are 
not so pronounced, hut they are there, and they 
are controlled by the voice speaking into the tele- 
phone. 

fn the cinematograph a series of thonsaiids of 
pictures are taken in (.piick sxicce.ssion. I’he light 
in this case forms acjtual pieture.s, ■whereas in the 
recording of sound there are ineivly bands of different 
shades of light. Nevertheles.s, we liave made a rei.-ord 
of the behaviour of the arc, which varied in aceoid- 
ance with the music or .speech. The record on the 
photographic Him i.s not much to look at, hut it is 
marvellou.s how it can reproduce the sounds. It is 
here that the selenium come.s again to our aid. 

The film is passed between a lamp and the selenium, 
so that the beam of light falls upon the selenium 
after passing through the film. In this way the light 
is varied, just as it ■was in the speaking arc. This 
ever-varying beam of light acts upon the selenium, 
in the manner described in another chapter, causing 
more or less electric current to pass to a telephone 
receiver or to a loud speaker. The variations in the 
electric current operate the telephone diaphragm in 
the usual way, and the sound-waves are reproduced. 

The distinctness of the reproduced .sound is re- 
markable, and the loudness may be increased by 
using a more powerful source of light to act more 
vigorously upon the selenium. The inventor points 
out that one advantage in his system is that he can 
reproduce any number of records by merely printing 




froni a negative in the usual nictliofl adopted in ] 

photograjihy. 

V ; Buhmer suggests that liis instrument .might die ^ 
used in eonjunction with the ordinary picture cine- j 

niatogmpli, so tliat the actors in the pictures could | 

speak to the audience hy means of loud speakers. I 

I’erfec-t timing of the speech and actions could ; 

he ohtiiined by taking both records--- the Sfjeiie and ; 

llievsound— on - the, same .film. \ 

Many years ago 1 put a telephone to do curious J 

Work. It so happonetl that tlic mmsery in my ’ 

mother’s houst! wa.s on the top floor and the servants’ , i 

qiiarters were on the*ground door. On one occasion | 

a baby girl was a visitor in the liouse, and her mother | 

was distressed at the distance between the nursery I 

and where her nurse might he spending the evening. | 

The child might cry and the nurse could not hope I 

thhearhert^'- - ■ : ' 

To get over this difficulty I placed a telephone 
transmitter near the child’s cot, and connected this 
to what I called an electric balance, •which was placed 
in:the'servants’';quarters, . 

Here is a drawing of the general arrangement of | 

the apparatu.s (fig. 20). You see the two wires leading I 

from the electro-magnet (A). Those go to the distant | 

;thiephotte:tran!nhitter. 

When the child cried, the .sound controlled a 
constant electric current which was maintained in 
the telephone line. { 


In order to get a good eieetric current I used what \ 
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was C5alled a bichromate battery, in whieli the zincs 
stood in acid, being lifted out, under ordinary cir- 
eumstanees, when the battery was not in use. My 
battery had to be ready to act at any moment, so 
there was nothing for it but to leave the zincs 
continually in the acid. 1 can remember tliat it 


cost quite a lot of pocket-money to keep that hungry 
battery supplied with zincs. 

When the electric current in the telephone was 
varied by the child’s cries, the electro-magnet (A) 
of the receiving instrument did not act upon a 
diaphragm, but upset the balance of a small lever, 
one end of which moved towards the electro-magnet 
while the other end moved towards a permanent 
magnet (B), which laid hold of the iron lever and 
held it to it 

If you look at the drawing, you will see that this 
gave the battery current a passage through the 
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balance to the permanent magnet (B) and thence 
to an electric bell. 

The Ml eontimied to ring until the nurse dis- 
(sonneoted the lever from the permanent nmgmt 
After trying this I found that the apparatus was 
too delicate for everyday use, and 1 used an ordinary 
teicjdione receiver, wdiich if laid near the nurse 
enahh.'d lier to hear wlien the child cah^d. 

This ejtperiinent was made before the invention 
of tlie loud .speaker, or I would have had no difticulfcy 
in giving tire nurse better warning of the cries. 

I puliiished an account of the experiment in one 
of the scientific journals, and some yeans later an 
American writer, coming across the article, wrote a 
description of it aa though it were an invention that 
was widely used in this country; it was merely an 
expetimeat. v g 

A Speaking Machine 

About 1880 the newspapers announced that a 
speaking machine had reached Paris, and it attracted 
a good deal of attention. It was not shown, at firat, 
as a scientific thing, bat merely as a curiosity. 

Some people said it was trieWry and that the speak- 
ing was done by a ventriloquist. A ventriloquist is one 
who can speak in such a manner that the voice appeam 
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to come from a doll, or from within a box, or from 
behind a door, or elsewhere. 

This suggestion was very hurtful to the exhibition 
of the speaking machine, which wa.s a genuine auto- 
maton. The idea wa.s to make a nuicliine which 
would imitate the mciins of producing hiimaTi speech. 
Human speech is a complex thing, and the machine 
which wa.s made to produce an imitsition .speech was 
necessarily very complex. 

Such an attempt had been made as early as the 
thirteenth (jentury. It was called a speaking head, 
and it was destroyed as being a work of tlie devil. 

The speaking machine whicli was shown in Paris 
in 1880 consisted of three distinct parts: 

(1) There was an attempt to imitate the lungs, by 
using a bellows for producing currents of air, as we do 
when speaking. This bellows was worked by a pedal. 

(2) Then there was a vocal box, or larynx, with 
diaphragms of various forms. These were to control 
the air and make the sound. There was a mouth, 
rubber lips and tongue, and a short tube to represent 
the nostrils. 

(3) There was a set of levers terminating in keys, 
as in a piano. 

The most interesting part of the machine is shown 
in fig. 21. 

This is the part for producing the sound, which we 
know is composed of air-waves. 

A large rubber tube formed the windpipe of the 
automaton. A blast of air from the bellows set an 



ivory diaphragm vibratiug, and this produced the 
uec^^ssi^u’y sound. The force of this .sound wa.s con- 
trolled by the key.s. The force depended upon the 
(jpeuing made iu a slit through \vhi<-h the air passed. 
Tiu.s .slit part represented the meal chords. 


BEtiowa 


A circular piece of metal was placed above the upper 
lip of the machine. This plate had a small hole in it, 
and the result of passing air through this made a 
sound not unlike the pronunciation of the letter “ F”. 

The dopimsion of other beys prcxluced .sounds like 

Words were comjro.sed by co^jhining different keys, 
and these were quite distinct, but were spoken in a 
monotonous and drawling tone. 
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Those who suggested that the speaking was done 
by a ventriloquist supposed that this drawJiiig was 
done on purpose to make people think the maehiue 
was speaking. 

One who saw this machine has said: 

“ As for the mechanical execution, it is inijmsihle 
to admire too highly the simple and ingenious manner 
in which all the complicated movements of the diiiei'cnt 
vocal organs have been connected with the keyboard, 
of which the mechanism has been so calculated as only 
to produce the precise action of the organ which is 
reejuired for any given effect . . . d’he jtublic will 
believe that the assertions of tontrilotpiism are un- 
founded when I add that I myself have made the 
machine speak.” 

Referring again to the telephone, the present -writer 
will never cease to marvel at the fact that the little 
diaphragm of a telephone receiver is able to do far 
better than this complicated speaking machine. 

There are a few limitations to the performance of 
the diaphragm, but we are so accustomed to the use 
of the telephone that we fill these in unconsciously. 

One difficulty that the diaphragm has is in repro- 
ducing the sound of the letter “ S The ssame thing 
happens in an echo; it gives the “S” as a “V”. Hence 
the story of the sacred echo in Franaj. M'hen one 
sliouted “Satan” (which is pronounced Sa-tong in 
French), the echo replied “ Va-t’en ” (Va-tong), which 
is the Freneh for “ Oo away I ” 

It is curious that the telephone diaphragm confuses 
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Above shown EdiKt»n*s Ori’^inul Tiii-lbil Phono,^'raph, Boiow a W’ax- 
Plitjtjograph laatk: by the Edison Bell Ctmipnny in 


A SPEAKING MACHINE (U 

the HOunds of “ IVo ” and “ Throe ”, One woald not 
expect this, and when I observed it many years ago 

1 sjwke to the manager of a telephone exchange con- 
cerning it, liut lie said he liad uev'er noticed it. 

1 had records ke}>t at three diilerfmt telephones of 
numfKirs called and numbers given in eri-or for fhese. 
It was surprising how often the error was Iretween 

2 and 3, 

I coiisnlted a friend who is a great authority on 
sound, and he could not explain it. 1 sfwrke also to a 
friend who is a well-known psychologist (one who 
sttidics the mind), and he could not understand the 
confusion. Not being%l dtj to get anyone to sympathize 
with my rpiest, I allowed the matter to drop, though 
1 was still convinced that the confusion did exist. 
Some years later I "wfis travelling to London, and I 
happened to be examining some coloured photographs 
which were then very uncommon. A gentleman 
sitting opfjosite asked if he might see these, as he was 
interested in the subject of colour. This led us to 
discuss some jwints in connection with colour vision. 
After this wo hati both l>cen reading for some thne 
when this stranger said to me: “1 wonder if you could 
explain a difficulty to me. How is it that 2 and 3 
get confused on the telephone?” 

It was a very strange incident. I had been trying 
to convince people of this confusion, but they were 
doubtful, and after i had abandoned the subject an 
entire stranger put the same question to me, and 
that without any previous mention of telephones. 
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CHAPTER XI 

What led to the 
Invention of the Phonograph 

A great iiiTentioii need not lie unytliing original 
We have a very clever weaving macliine ciilled a 
Jacquard, and it is named after its inventor. It is 
a curious fact that Jacquard really invented notliing 
new. In his day there were two weaving nia(;]iiiies 
for producing figured cloth, Imt neither of them was 
very satisfactory. In these Aaehines axrds passed 
over a wooden cylinder and controlled some needles, 
which ill turn controlled the threads in the loom. 
One of the machines had a good arrangement of 
cylinder but an unsatisfactory arrangement of needles. 
The other had an un.satisfactory cylinder and a good 
needle arrangement. All that Jacquard did was to 
take the good cylinder from the one machine and 
unite it to the good needle arrangement of the other. 
He invented nothing new, but by combining these 
two parts ho made a machine so satisfactory in its 
working that it has been used for more than a 
hundred years with practically no alteration. It is 
seldom that an invention does not contain something 
new, but there is always simething existing previously 
which has led the inventor to his idea. There were 
steam-engines in use before James Watt invented 
the steam-engine of to-day. 
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Wliiit, then, lc<l np to the invention of the phono- 
graph? 

Yon will reeognize tiiis word as h(.‘iiig composed 
of one half of the word ialmhme and one ludf of the 
word Ivk'grdjih, and you will ronunnher that, the 
Ureek wfird ghmi- imMuis sound, whih; gmphi) inc-aii.s 
to wwite. It is clear that, a phouugvuph is an hi- 
Htruinent, to do with t he writing of sound. 

Tills wool plionogmpli has betiti I'oplaced by the 
word gramophone, whicdi is jiraiaitudly the same word 
turned the- other way about. You reeoguize tlio 
graw, as in telegram. 

Long hefoia'. the invention of the phonograph, seieii- 
tifite had sought to record sjtceeh, but with no intention 
of reproducing it. Their idea was to make .speech record 
itself, .so that they might study these records and 
learn as mmih as possible of the nature of sounds. 

In 1855 Mr. Leo S(50tt invented an instrument 
for this purpo.se, ainl gave it a long name which was 
descriptive of its work. It was called a phonauto- 
graph. Every boy and girl knows what an autograph 
is, and it i.s self-evident that the w'ord phmiauiograph 
means the autograph of sound. The Greek word 
phoni has become quite familiar to us, and we know 
that it means sound. 

Scott made his machine on the model of the human 
ear. He had a funnel or horn for collecting the 
sound, and the sound-wave.s ^11 upon a drum-skin 
or membrane which was Btretched across the narrow 
end of the horn just as in the ear. 
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In the ear we have a small chain of bones conneetol 
to the drurn-sldn, so that the vibrations, produced in 
this membrane by the sound-waves, are conducted 
to the inner ear and the sensations are tchigraplied 
to the brain. 

In the phonautograph there was attached to the 
back of the drum a flexible bristle. The free end 
of this rested upon a lamp-blackencd sheet of paper. 
When the drum vibrated, the end of the biistle moved 
from side to side, and traced its movement on the 
blackened .surface. The hiaekened paper wa.s fixed 


around a cylinder which not only revolved, but also 
moved along so that the point of the bristle would 
trace a spiral line around it. 

When anyone spoke into the hom, the movements 
of the bristle were traced upon the blackened paper. 
It was made possible to compare different sounds 
by comparing the tracings which the bristle made. 

Fig. 22 shows what the tratjings were like. The 
sounds were made to write their autographs. 

It was the phonautograph which gave Edison the 
idea of recording speech in the phonograph. I think 
that the reproduction was suggested to Edison by 
the invention of the telephone. We have seen in 
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one of these chapters how tlje teleplmiie reproduces 
the spoken words by means of a vi})ratiiig disc or 
diaphragm. 

We have marvellcfl tiiat a little flnt disc is able 
to imit^itc the voice so well, atid llir bettor than a 
con»pli(mte<l speaking maeliine. 

in the Pdephone receiver the diaphragm is mnrle 
of iron, Iweanse. it 1ms to be acfed upon by a niagn<‘t; 
,but as this is not the i;a,se in the phonograph, its dise- 
may Ije made of a sln'ot of mi«'a or glass, or any other 
stiff mat<!riul of light weight. 

In Edison's tirst plionograpli he, attaelnal a metal 
nee<lle to the diaplmfgm, and when it vibrated it 
preased against a slieet of soft tin-foil which was 
stretched over a largo brass cylinder. There was 
a deep groove around this cylinder, and this groove 
formed a spiral in wlii<,ih the point of the needle moved. 
Instead of making marks on a blackened .surface, 
as the bristle of the phonautograph did, this needle 
made indentation.s in the soft tin-foil. 

I have seen IMison’s original phonograph. It was 
a very large affair which required several men to lift 
it. The cylinder was revolved upon a shaft which 
had a heavy liy-wheel on one end, and on the other 
end there was a crank for turning by hand. 

The cylinder was turned as steadily as poswibie 
while words were spoken into the hom. Tlic cylinder 
was moved along by means of «, spiral gt:rew-thread 
cm the shaft, just as in the phonautograph, 

After the record was made on the tin-foil, the 

■ , <»«») . , . B ' ■ 
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cylinder was moved back to tbe beginning of the 
spiral and the needle was placed at the beginning 
of the long line of indentations. 

The crank was turned again, and the needle, moving 
out and in of the indentations, causcKl tlie dia])hragin 
to vilirate just as it hud done when spoken against, 
and the words were reproduced as in a teleplionc 
receiver. 

If you could hear this first phonogi-aph speak, 
you would consider it a very poor affair. To-day 
it would bo a very bad phonograpl), l>ut it was the 
first, and all our gramophones of to-day arc descended 
from it. 

Edison would admit that it was a very poor re- 
production of speech, and could not compare with 
the telephone of Graham Bell. Nevertheless, it 
showed the way in which speech could be reproduced. 
Edison invented this machine in 1877, and it was 
shown in exhibitions in America and in Paris. It 
was looked upon as a curiosity. 

You may wonder that Edison made no improvement 
in his phonograph for the next eleven years. No 
doubt the reason was that he was very busy trying 
to invent some means of using electricity for lighting 
houses. This was of much more importance than 
a talking machine. 

In 1888 he made a decided improvement by dis- 
carding the heavy brass cylinder with its soft tin-foil 
covering, and using in its place a cylinder of soft 
wax. The vibrating needle made much better indeata- 
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tions on this wax cyliiMlei’ tlian w^as posBihJe on the 
of tin-foil ' ■ ; 

He also introduced a cloek-sjjring to drive this new 
f'yliiider, and wi; shall see in the next eliapter how this 
led on to the modern gramophone'. 


CTIAPTER Xll 


Tiie Gramophone 


After Edison mafl# his phonograph with a wax 
e.}dinder and a eloekwork driver, it proved a great 
sntieess. Cylinders were .sold with, records of music 
played hy orei)e,stra.s. There were violin, banjo, and 
cornet solos, and many .songs hy eminent singers. 
People marvelled how the records of such things 
could be sold so cheaply, a.s there was no means of 
making one record from another- Each record had to 
be made in the phonograph. 

One day I received an invipition to see a record 
Imiig romie, hut on condition that I did not publish 
anything about it at that time, as the prcH!e.SB was 
secret. The secret was that dozens of records were 
taken at the one time in the following manner. 

in the centre of a rcxmi tliere was a large funnel 
hanging down from the. ceiling. „ A record was g<}ing 
to be taken of a cornet solo, and the player stood 
underneath this funnel ilexible tubes led from this 




68 TBLEPHONEB AND GRAMOPHONES 


funnel to a crowd of phonographs situated round the 
room. The .sound operated the diaphragms and euttiiig 
needles of each of these, so that each machine made a 
separate record. 

Ill tho.se days one heard at the end of each m^ord 
the applause of the audience, and it wa,.s lielieved 
generally that tlie recoid had been taken before a 
large audience. One could even liear some members 
of the audience shouting “ Encore ”. 

On the occasion of my visit I wa.s snrjiri.sed to find 
tliat the audience eonsi-sted of a few operators wlio 
were in the room, and I was a.ske(l to join tln^se and 
to make as much noise as I oohld at the end. of tlus 
music. As soon as the music ceased, we gathered 
under the funnel and shouted while we apjilauded, 
some using sticks upon the floor. It was this which 
gave the hearer of the record the idea of a va.Ht 
audience. 

At the commencement of each of the records in 
those days there were a few words stating that the 
record had been made by the Edison Bell Company, 
and this led to the following incident. 

I was letting a boy of three years of age hear a 
phonograph for the first time. In putting on the 
first record I omitted the introductory speech by 
accident. The boy was greatly pleased with the 
music. 

On putting on the s,econd record it announced that 
it was an Edison Bell record* whereupon my little friend 
fled feom the room, and nothing would persuade him 
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j to rptuvn. All he ^aifi wan, “ IMan npoaked This 

1 was had gniiiimav, hut it h;t iiw fteo that the little 

* fi'tlfiw (’onsith'red the talkiiig inaehino to he an un- 

! f'Hinjy tiling. Iinleecl, it is jiossihle that he believed 

j a niiU! to ho hidden within the .Hinall liox. 

1 . When M. rnska.s. noting for Ah‘. Edisoji, showed 

I Ihe phonognipli to the, Aeadeniy <d’ SeiencM! in Paris, 

I 1h7H. some peojik* imagined tiie. speech to bif proilnced 

1 hv triekery, just, as was said of the Hpeakirig nmehine 

I desnrilK'd in a former chapter. 

! Jii're is an extract from a Froneh newspaper o£ 

f , those, days; 

' “ A report soon raiiTihrongli t.he room which seemed 

1 to license, the Aisidemy of having been mystified liy a 

I clever veiitriloipdst. One said that the somuls emit- 

I ted hy the instrument were precisely those of a 

,, ventriloipiist. Another a.sked if the movemetite of 

j M. Puskas’s face and lips as be turned the instrument 

; - «• did not resemble the grimaces of a ventriloquist. A 
I third admitted that the phonograph might emit sounds, '■ 

I but ladieved that it W’a.s much helped by the manipu- ; 

f ktor. Finally tlie Academy requested M. de Aioni^l : 

I to try the experiment, and as he wars not aocuatomeii j 

J to speak into the instrument (i.e, to make a record), j 

i it was un8nc,oes.sful, tt> the great joy of the incredulous. 

J Some members of the Academy, however, de.siring to 

' ascertain the real nature of the offecte, begged M. ; 

u Puskas to repeat the experiments before them, in the j 

I jsecretary’s office under such conditions as they should 

t lay down. M. Puskas complied with this request, 
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and they were absolutely satisfied with the result. 
Yet others remained incredulous, and it was necessary 
that they should make the experiment for themselves 
before they accepted the fact that speech could he re- 
produced in .so simple a way.” 

The phonograph had a wax cylinder, wheroa.? the 


gramophone has the record on a flat disc; and some 
people imagine that this constitutes the difference 
between a phonograph and a gramophone. That is 
not the case. How do I know? 

Because among the descriptions of early phonographs 
I have found some illustrations showing some of the 
instruments with flat discs. Edison even tried this 
plan while he was working with tin-foil records. Here 
is a reproduction of the illustration (fig. 23). 


THE GRAMOPHONE 71 

The word gminophoue is merely a newer name 
for a phonograph. 

Fig. 24 sliow.s the construction of the human ear, 
and it is really renmrka.ble how similar is the con- 
struction of the sound-box of the gramophone. 



of the Ear. B, Bromj H, Haiomer; 
A» A»vil; S, Stirrup. 


Tlie gramophone is used to such a large extent 
in reproducing the sound on fixed records that one 
does not think so much of the process of the recording 
of the sound on the record. It is in doing this that 
the sound-box of the gramophone resembles the ear. 

It will be of interest to make a comparison of the 
gramophone and the human jear. The hom of the 
ear is not so noticeable as that of the gramophone. 
The horn of the ear is called the outet ear, and is that 
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part which you see. Behind this is the middle ear, 
aud farther in is the mncr ear. 

You know how it aids hearing to use an ear 
trumpet or liorn. I have seen a deaf person using 
a horn much larger than an ordinary grmnoplione 
liorn. It was about four feet long, aiul so large that 


it required to be supported on a stand as in the case 
of a large camera. 

Instead of speaking into the outer ear, the operator 
speaks into the gramophone horn, and the sound- 
waves produced by the voice fall upon a diaphragm 
made of some hard material, instead of falling upon 
the drum or tympanvd^ of the ear. This diaphragm 
divides the outer from, the middle ear, in which there 
is a little chain of three bones, one of which is 
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fnst«'n(Hi tfi the eondnct tlie vib- 

rations to the inner ear. 

ill tile grniMojihone we liave tiio ii(*edlc fixed to the 
liiaphragni oonduetiiig the vibrations to the recording 
ilisc. 

lu tiie inner ear we ]iav(.> the vibrations eonverted 
iiitu sensations, 

in the graiuophone we have tlie nioveniente of the 
neediii cfniverti'd intu marks njton tiie disc. 

if you iiave bandied these gramophone discs, you 
may linvc wond<‘.red how it wa,s pussibie to make tbe 
reconis on aueh a bard ,siib,sj aue,e. The, records are 
not made directly oit to those hard discs, but upon 
softer material, and tlio hard records are made from 
that, using it at first as a mould. Any desired number 
of duplicates can be made from the original record. 

Consider the con.struetion of the gramophone as 
shown in fig. 25 . The machine requires some energy 
to make it go, and you supply that energy when you 
wind up the clock-spring which is hidden in the tee 
of the instrument. You store the energy in this 
spring, and it is allowed to uncoil itself very gradually, 
and in doing so it tunis the cylinder A in which the 
spring is contained. A toothed wheel, called a ratchet, 
works into a pinion w'heel and conveys this turning 
motion to a large bevel wheel B. You can see a 
pinion w'heel fitting into the wheel on B and carrying 
wlA it a short upright shaft ^hich in turning round 
will revolve the turn-table along with it. Tbin gives 
the necessary motion to tbe record. 
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As the record turns round, the needle or stylus fits 
into the grooves on the record which represent the 
vibrations. These form a long spiral line which 
gradually guides the stylus from the edge of the disc 
towards its centre. 

The stylus carries with it the sound-box, whwfii is 
shown in the drawing at E. 

Here is an enlarged drawing of this sound-box 
and stylus with a part cut away to sliow' where it fits 

on to the horn (fig. 20). 

' As in the ease of the 
telephone, the most 
marvellous part of the 
gramophone is that the little diaphragm can imitate 
the human voice. 


26. —I), Disc; E, Sound-boi 
Djjiphragm; G» Tone arm 




QUESTIONS 


CHAPTEl 


■I . : What .'is' tho'.'darivalion' -oi tlia'. ' {J} 0 t 0 . .:lhat':i« 

phone both o a!id a are lorig.) 

2. State briefly what bophI i& 

3. Wliat prockeea' the ioimd in (1) the pktio, {2)- violin, 

(3) trumpet ? 

4* Wby^ m h colder m the top of a high mouiitaiu than la the 

Daaeribo the hind of waves whkh produce loudiieas* 

0» Ifow are the sizas of the wa^^es altered ? 

7. Describe long and short waves, and state how they are. 
produced. 

8* How often do the wires 'producing the middle 0 of the piano 
vibrate In each second f 


L Describe the string telephone, and state how jt works. 

% What may bo used In place of the string f 
3, In fche electric telephone what is it that travels f . 

4 Who prophesied the telephone twenty ym,u before it wm' 
invented 1 | 

H. Who invented a telephone for telegraphic purposes! 

€. In what jmr and' by whom was the speaking telephone ; 
invents f 
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T. Where was it first shown? 

8. What great scientist was present at the detnonsiration, and 

what did he say about it ? 

9, How could you make an electro-magnet ? 

10, Describe how the telephone acts. 


CHAPTER III 

L Make a simple drawing showing how a telephone transmitter 
is connected to a distant receiver, 

2, Describo a simple microphone, and state what it does, 

3, What is the derivation of the word microphone 1 

4, Describe the microphone in a moc^^rn leleplnme, 

5, Make a drawing of a telephone receiver, and state how it 

works. 

6, What is the most marvellous thing about the telephone? 

7, Where is the battery of a modern telephone placed? 

8,. How is the electric current cut off when the telephone is not 
in use ? 

9. How did early subscribers call the exchange? 

10, How is cross-talk minimized? 


CHAPTER IV 

L Why do we have telephone exchanges? 

2. How are the wires connected at the exchange? 

3. What is a ** jack**? 

4. How does the operator know who is calling her? 

How are the wires led into a telephone exchange nowadays! 

6, Why are people called telephone subscribers ? 

7. How does the operator know when the subscriberi have 

finished speaking to one another! 
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QUESTIONS 

S, What kind of telephone does the operator have! 

9, Why do the suhscrihers get numbers 1 
10. What prevents an operator eonneeting more than two 
siibBcril)ers together by mistake 1 
IL Wlmt is the name given to the lines eoHneeting different 
towns together^ 


i' 


CHAPTER Y 

L Mention some of the things aiitomatfe maehines can do. 

2. What m tlie clitlcrmice betiwean an oniinary telephone 

exehangi^ and an automatic f>no? 

3. Describe how a subscriber gives a call on the automatic 

system. 

4’» very brhdiy wln*^ happens at the exchange. 

A What is the mmm given to the automaton at the exchange, 
and why is it so called I 

6, How does the aubscrilwr leam that the line he wishes is' 
engaged I 

7* How is the other guhscriher told he is granted I 

8. What happens ^vhen both subacribers put their telephones 

imek on the hooks 1 

9. Where did automatic exchanges originate I 


CHAPTER VI 

1. Why might it seem ridiculcma to talk of speaking along 

alieamoflightf 

2. Dmw a dia^am showing 1h>w we can apeak along a baatii of 

light. Umit the persons using the Imtrumcntc 
S. What It a searchlight! 

4. WImfc iubsUnc© k usal in the remving initrumeutf 
Describe how It acts under theinfluenea of light 
5* What eausas the light to vary! 

6^ in what ’y«r was %hm first tda^ll 


.r 
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7, Where has this system been put to practical use, and lor 

what purpose 1 

8. What is the difference between wireless waves and visible 

light? 

9* State a recent development of wireless telegraphy ia tbiH 
connection. 


CHAPTER VII 

L Name the telephone instrument that has a good memoryj and 
state why it is so named. 

2. Mention other two names given to it. 

3. How caii you magnetise a knitting needle? 

4. Describe an electro-magnet. 

5. In the telephone with a good inemdly, what is it that records 

the message ? 

.6. State one purpose to which this instrument is put. 

7. How is any error erased ? 

8* Explain how the typist receives the message dictated. 

•9. In what form can messages bo sent by post ? 

10. Tell what you know of the inventor of the telegraphone. 


CHAPTER VIII 
L What is an optophone? 

2. Mention another word derived from the same source. 

3. What substance plays an important part in the making of the 

optophone? 

4. How are the notes produced ? 

5. Describe briefly how any letter is heard. 

6. How many musical not|s are used ? 

7. Who invented the optophone? 

8. Name the Glasgow firm which has greatly Improved it 








QUESTfONS 


CHAPTEK IX 

L When awl where wa^ the dewonstratioii of a telephone ttsed 
m a lowl speaker first given f 

2* Give an aeeonnt sif an event which proved the loud speaker 
of |.traeiieal use. 

3. Ifow many fwople has it haen possibk to address at one time 

with the aid id h>ud speakers! 

4. Explain l>rlefly phobiplione iX awl inenfcim! another 

naituj which d<‘serihes it hotter. 

5. Btato brieliy how* the Invention eame aismt. 

fi. Mention some other iiame.B given to the musical are. 

7, To W'hat purpose may the photo|‘hoiie be put at soma fnturo 
date ! 

fi. Ex.plain what the baby alarm did* and state very briefly 
how It wYjrkcd. ^ 


CHAPTEE X 

L ’\^Tiat kind of trickery did people ausp^ct in eonnection with 
the speaking machine when ahowm in Paris! 

2. Explain how ventrUoqiiism might have accounted for the 
speaking of the machine. 

S. State briefiy how the machine worke<i 

4. What letter of the alphabet does the telephone find it 

diffictilt to eayl 

5. Tall the story of the sacred echo of Franca 

8. What two numbars did the author fin<l to be confused on the 
telephone t 

7. What eurioiis eonfirmation had the author rogaiding this, 
tolephone eonfuifon ! 
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CHAPTER XI 


L What did Jaeqtmrd do, and was his inyontion useful I 
2t From what Greek words was the word phonograph derive 
and how was the w’ord gramophone suggested 1 
3- What two instnimeiits suggested the invention of the phoi 
graph, and who invented it? 

4* Ex;plain the derivation of the word phonautograpln 

5. Of what is tlie telephone diaphragm in the receiver mu 

and why? 

6. On what material were the first phonograph records tMkmV 

7. In what year was the first phonograph invented, and in 

long did it wait for any real improvement! 

B. Mention two outstanding improvements. 


CHAPTER XII 


1. Describe the taking of an early phonograph record. 

2. Explain how the applause at the end of the record V 

produced. 

3. Relate the incident of a amall boy and his first hearing of i 

phonograph. 

4 Why was the child frightened? 

5. When the phonograph was first shown in Paris, what 

some people suspect? 

6. Are the phonograph and the gramophone diflTerent inventioi 

7. Tell what the gramophone sound-box is lifeeped to, 

' mention what parte are similar. 

8. ' How are the gramophone discs made! 

Give a brief dascriiptioE of how a gramophone worlm. ' 




